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APPENDI X B

FUEL PROPERTI ES AND CHARACTERI STI CS

(from CPI A Publication 394, "Hazards of Chem cal Rockets and
Propel | ants", by John Hopkins University, Applied Physics
Laboratory, Laurel, MDD, Sept. 1984)



NANE:

M LI TARY HAZARD CLASSI FI CATI ON

DOT CLASSI FI CATI ON:
QUANTI TY PER VEHI CLE
APPLI CATI ON:

LH, —Liquid Hydrogen
G oup 11

Fl ammabl e Liquified gas
3,400 I b (Centaur)

Cent aur

PROPERTI ES AND CHARACTERI STI CS

COVPCOSI T ON:

APPEARANCE

STABI LI TY:

FREEZI NG PO NT:
BA LI NG PO NT

DENSI TY:

CRI TI CAL PRESSURE
CRI TI CAL TEMPERATURE
ODOR

PHYSI OLOG CAL:

99. 79% par a- hydr ogen and
0. 21% or t ho- hydr ogen

Hi gh purity Liquid Hydrogen
is transparent and
col orl ess.

Li quid Hydrogen is

chem cal |y stabl e.
Physically stable only when
stored under suitable
condi ti ons.

-435°F

-423°F

0.59 Ib/gal. at -423°F

188 PSI A

-400°F

None

HAZARDS

Human contact with liquid
hydr ogen or uni nsul at ed
lines can result in severe
frost bite. Hydrogen gas
acts as a sinple asphyxi ant
that can be breathed in high
concentrations w thout
produci ng systematic
effects. However, if the
concentration is high enough
to significantly reduce the



EXPLOSI ON:

THRESHOLD LIM T VALUE

anount of oxygen in the air,
the effects of oxygen
deprivation will be

pr oduced.

Unconfi ned hydrogen-air

m xtures generally burn
rapidly wi thout detonation.
However, in confined areas
or when ignition is caused
by a shock source or snal
expl osi ve charge, the

m xture can detonate

An expl osi on hazard can
exist if liquid hydrogen is
contam nated wth solid
oxygen or solidified oxygen
enriched air.

None



NANE:

M LI TARY HAZARD CLASSI FI CATI ON:
M LI TARY STORAGE COWPATI BI LI TY:
DOT CLASSI FI CATI ON:

QUANTI TY PER VEH CLE:

APPLI CATI ON:

LOX-Li quid Oxygen

I

LIQA

Non- Fl ammabl e Li quid

146,300 I b (an additiona
15, 300 | b)

First Stage Oxidizer

PROPERTI ES AND CHARACTERI STI CS

COVPCOSI T ON:
APPEARANCE

STABI LI TY:

FREEZI NG PO NT:
BA LI NG PO NT

DENSI TY:

CRI TI CAL PRESSURE
CRI TI CAL TEMPERATURE
ODOR

99. 5% oxygen

Li ght bl ue transparent
liquid. Boils vigorously at
anbi ent conditions.

Li quid oxygen is chemcally
stable, is not shock
sensitive and will not
deconpose.

-361°F

297°F

9.53 I b/gal. at -297.4°F
737 PSI A

-181°F

None

HAZARDS

PHYSI OLOG CAL:

Human contact with liquid
oxygen or uninsul ated |ines
can result in severe frost
bite. Oxygen gas wll not
cause toxic effects.
Gaseous oxygen fromthe
liquid is absorbed by
clothing and any ignition
source nmay cause flare
bur ni ng.



EXPLOSI ON:

THRESHOLD LIM T VALUE

When m xed with liquid
oxygen, all materials that
burn represent expl osive
hazar ds.

None



NANE:

M LI TARY HAZARD CLASSI FI CATI ON
M LI TARY STORAGE COMPATI BI LI TY:

DOT CLASSI FI CATI ON:
QUANTI TY PER VEHI CLE
APPLI CATI ON:

TEA (Triethyl alum nunm) TEB
(Triethyl boron)

111

LIQC

Fl anmabl e Liquid

0.17 1b

TEA in first stage main
engi ne

TEA/ TEB in verni er engines

PROPERTI ES AND CHARACTERI STI CS

COVPCOSI T ON:

APPEARANCE
STABI LI TY:

FREEZI NG PO NT:
BA LI NG PO NT
DENSI TY:

FLASH PO NT:

ODOR

100% TEA i n mai n engi ne

15% TEA, 85% TEB i n verni er
engi nes

Colorless liquid

TEA reacts violently with
wat er and organic and

i norganic acids. TEB reacts
violently with oxygen.

TEA T1EB

-52°F -134°F

+381°F +203°F

52 Ib/cu. ft 43 Ib/cu. ft
at 70°F

| gnites spontaneously in air
at room tenperature.

Conbusti on products have
pungent ammoni a-1i ke odor.

HAZARDS

PHYSI OLOG CAL:

TEA and TEB wi || destroy
living tissue on contact.

Conbustion products are
hi ghly toxic.



FLAMVABI LI TY: TEA and TEB ignites
spont aneously in air at room
t enper at ure.

THRESHOLD LIM T VALUE: Zero



NANE:

M LI TARY HAZARD CLASSI FI CATI ON

M LI TARY STORAGE COMPATI BI LI TY:

DOT CLASSI FI CATI ON:
QUANTI TY PER VEHI CLE
APPLI CATI ON:

Ni t rogen Tetroxide
I

LIQA

Poi son Liquid A
6,228 I b

Second stage oxidi zer

PROPERTI ES AND CHARACTERI STI CS

COVPCOSI T ON:
APPEARANCE

STABI LI TY:

FREEZ|I NG PO NT:
BA LI NG PO NT
DENSI TY:

CRI Tl CAL TEMPERATURE

CRI Tl CAL PRESSURE
FLASH PO NT:
ODOR

PHYSI OLOG CAL:

99. 5% N,0,

Reddi sh-brown liquid wth
yel l owi sh to reddi sh-brown
funes.

N,O, is very stable at room
tenperature. At +302°F it
begins to dissociate into

nitric oxide and oxygen, but
upon cooling it reforns into

N,0,.

+11. 8°F

+70.1°F

12.1 Ib/cu. gal. at 68°F
1,469 psia

+316. 8°F

None

Characteristic irritating,
pungent and acid-1i ke odor.

HAZARDS

N,O, liquid is corrosive and
can cause severe burns of
the skin and eyes unless it
is imediately renoved.

| nhal ati on of N,O, vapors is



SYMPTOMS OF PO SONI NG

FLAMVABI LI TY:

THRESHOLD LIM T VALUE

normal Iy the nost serious
hazard.

Irritation of the eyes and
t hroat, cough, tightness of
t he chest, and nausea - are
slight and may not be
noticed. Then hours
afterward, severe synptons
begin; their onset may be
sudden and precipitated by
exertion. Coughing, a
feeling of constriction in
the chest, and difficult
breat hing are typi cal

N,O, is a corrosive agent
whose corrosiveness is
enhanced in the presence of

wat er . It is not sensitive
to shock, heat, or
det onati on. It is not

flammable in air but wll
support conbusti on.

3 ppmfor NO,

2.5 ppmfor NO,

At no time wll personnel be
subj ected to any

concentration greater than
TLV.



NANE:

M LI TARY HAZARD CLASSI FI CATI ON

M LI TARY STORAGE COMPATI BI LI TY:

DOT CLASSI FI CATI ON:

QUANTI TY PER VEHI CLE

APPLI CATI ON:

COVPCOSI T ON:
APPEARANCE

STABI LI TY:

FREEZI NG PO NT:

BA LI NG PO NT
DENSI TY:

FLASH PO NT:
ODOR

PHYSI OLOG CAL:

EXPLOSI ON:

RP-1

I

LIQC

Fl anmabl e Liquid

67,000 I b (an additiona
11,000 I b.)

RP-1 is a thermally stable
ker osene having a very high
energy content. It is used
for first stage fuel.

PROPERTI ES AND CHARACTERI STI CS

Hydr ocar bon

Clear liquid ranging in
color fromwater-white to a
pal e yel | ow.

A mxture of RP-1 and liquid
oxygen forns a gel which may
expl ode upon bei ng subj ected
to i npact or shock.

-40°F Max.

350° to 525°F

49.95 to 50.82 I b/ft? at
60°F

110°F

Strong, kerosene-like

HAZARDS

B- 10

| nhal i ng vapors may cause
headache, di zzi ness or
nausea. Continuous contact
with the skin can cause
irritation.

A m xture of vapor and air
i s dangerous and shoul d be
consi dered as an expl osi ve



THRESHOLD LIM T VALUE:

B-11

m xt ur e.
500 PPMin air.

At no time wll personnel be
subj ected to any
concentration greater than
the threshold Iimt val ue

(TLV) .



NANE:

M LI TARY HAZARD CLASSI FI CATI ON

M LI TARY STORAGE COMPATI BI LI TY:

DOT CLASSI FI CATI ON:
QUANTI TY PER VEHI CLE
APPLI CATI ON:

Aerozi ne 50

11

LIQC

Fl anmabl e Liquid
3,892 Ib

Second- st age f uel

PROPERTI ES AND CHARACTERI STI CS

COVPCOSI T ON:

APPEARANCE
STABI LI TY:

FREEZI NG PO NT:
BA LI NG PO NT

DENSI TY:

FLASH PO NT:
CRI TI CAL TEMPERATURE
CRI TI CAL PRESSURE
ODOR

PHYSI OLOG CAL:

M xture of 50% UDVH and 50%
hydr azi ne

Clear, colorless liquid
A-50 is thermally stable and
i's not shock or friction
sensitive.

+18. 8°F

+158. 2°F

56.1 I b/cu. ft at 77°F
+104°F

+634°F

1,696 psia

Amoni a gas

HAZARDS

B-12

The liquid can be absorbed

t hrough the skin; the vapors
can be inhaled. Exposure
may cause irritation of the
mucous nenbranes of the
eyes, respiratory passages,

| ungs, and gastro-intestinal
tract. Direct skin contact
can cause severe burns.



EXPLOSI VE:

THRESHOLD LIM T VALUE

B- 13

MVH and UDWVH are convul sant
agents, irritants to the
respiratory tract and eyes
and may irritate the skin.
They are absorbed by the
skin, oral and inhalation
routes. Hydrazine fuels
form car ci nogeni c

ni trosam ne conpounds.

Al so, ACA@H has listed the
hydr azi nes as " Suspect ed
Human Car ci nogens. "

Liquid is flammabl e and
reacts violently with acids
and oxi di zi ng agents.

0.5 ppmin air.

At no time wll personnel be
subj ected to any
concentration greater than

t he TLV.



NANE:

M LI TARY HAZARD CLASSI FI CATI ON

M LI TARY STORAGE COMPATI BI LI TY:

DOT CLASSI FI CATI ON:
QUANTI TY PER VEHI CLE
APPLI CATI ON:

Oonite Extrene Pressure
Addi tive

None

None

Fl anmabl e Liquid
5.96 I b

First-stage booster engine
| ubri cant.

PROPERTI ES AND CHARACTERI STI CS

COVPCOSI T ON:

APPEARANCE

STABI LI TY:

FREEZI NG PO NT:
BA LI NG PO NT
DENSI TY:

FLASH PO NT:
ODOR

PHYSI OLOG CAL:

EXPLOSI ON:

THRESHOLD LIM T VALUE

Phosphorus, zinc, sulphur,
cal ci um

Transparent, |ight orange
oi

Stable at controll ed storage
t enperature bel ow +100°F

+17°F

Not Avail abl e

67.8 Ib/cu. ft at 60°F
+340°F

Foul , sul phur-Ilike snell

HAZARDS

B- 14

None. [Inhaling vapors is
unpl easant.

A m xture of additive and
liquid oxygen fornms a ge

whi ch may expl ode upon bei ng
subj ected to inpact or

shock; however, such contact
does not normally occur. A
m xture of additive and f uel
is normal in the lubrication
system and i s not hazardous.

None



